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CONTRIBUTED ABSTRACTS BY ATTENDEES 


1. Nonlinear dynamical response of double- 
barrier resonant-tunneling structure, V.V. 
Afonin, A.M. Rudin, A.F. loffe Physico-Technical 
Institute, 194021 St. Petersburg, Russia. The 
nonlinear dynamical response of double-barrier 
resonant-tunneling structure (DBRTS) on external 
a.c. bias is studied. The nonequilibrium Green's 
function technique is exploited to derive the rate 
equation for the occupation number of level in the 
DBRTS well for the case of coherent tunneling. 
The conditions required for this equation are also 
derived. This rate equation is analyzed in details 
and the analytic (that is in a form which does not 
require numerical analysis) results for the current 
through the structure in all limiting cases of interest 
are obtained. In addition, it is shown that in the 
constraints of semiclassical rate equation approach 
there is no difference for the dynamical response 
problem between coherent and sequential tunneling 
processes, at least for such experimentally 
measurable quantities as level distribution function 
and current through DBRTS. 


yi Beating pattern in the magneto- 
oscillations of the 2DEG at semiconductor 
quantum wells, E.A. de Andrada e Silva, G.C. La 
Rocca and F. Bassani, Scuola Normale Superiore, 
Pizaaz dei Cavalieri 7, 5600 Pisa, Italy. A beating 
pattern in the amplitude of the Shubnikov-de Haas 
oscillations of the two-dimensional electron gas 
(2DEG) at semiconductor quantum wells has been 
observed and assigned to the spin-orbit spin- 
splitting in the presence of inversion asymmetry. 
We study such beating pattern with a calculation of 
the electronic states and the magnetization of the 
2DEG at III-V modulation doped heterojunctions 
as a function of the applied magnetic field and 
carrier concentration. Full account of the spin-orbit 
coupling is taken. A semiclassical analysis is used 
to interpret the quantum mechanical results. A 
regular beating pattern is shown to result from 
isotropic spin-splittings and an anomalous one, 
connected to the magnetic breakdown at the points 
of the Fermi "surface" with a small splitting, to 


result from anisotropy in the spin splitting. 
Specific results for heterojunctions of InAs and 
GaSb grown on appropriate larger gap materials, 
shown both above effects, are presented. The 
origin of the anisotropy in the spin splitting is 
discussed. 


3. Dynamical Screening of Optical Phonons 
by Electrons in Quantum Wires, L.S. Bokacheva, 
S.V. Gantsevich, and V.L. Gurevich, A. F. loffe 
Physico-Technical Institute, 194021 St. Petersburg, 
RUSSIA. We investigate the interaction of optical 
phonons in the vicinity of the quantum wire with 
plasma oscillations in the wire. This intgeraction 
leads to the formation of coupled plasmon-phonon 
modes. The dispersion relations of these modes are 
found for the case of Boltzman and Fermi statistics. 
In the case of Fermi statistics, there are a number of 
plasmon modes corresponding to different 
transverse energy levels and therefore the spectra 
of plasmon-phonon modes are much more 
complicated than that for Boltzman statistics. We 
wish to emphasize that in quantum wires all kinds 
of plasmon spectra must have an acoustic-like 
(linear) dependence on the wave vector. Unlike 2D 
and 3D systems, where electrons can be considered 
as free, in the ID case one cannot neglect the 
Coulomb forces among electrons even in the long- 
wave limit. Therefore the electrons represent a 
liquid rather than a gas and the validity of the RPA 
in getting plasmon dispersion relations needs to be 
justified. Nevertheless it seems that the RPA 
calculations are in good quantative agreement with 
experimental data. We think that this may be 
understood as the fact that in a quantum wire one 
deals not with free electrons but with elementary 
electron-like excitations in a liquid with the energy 
spectrum renormalized by strong electron-electron 
interaction. We analyze the role of electron- 
electron interaction using the simple kinetic 
diagram technique for density matrix. 


4, Coulomb Quantum Kinetics on the 
Femtosecond Time-Scale, Karim EI Sayed, L. 


Banyai, and H. Haug, Institut fur Theoretische 
Physik, Universitét Frankjfurt, Robert-M ayer-Str. 
8, D-60054 Frankfurt a.M., Germany. During and 
shortly after a femtosecond optical laser pulse 
excitation of a semiconductor the carrier kinetics 
presents new features. At this early stage the 
energy broadening, due to the short time interval, is 
comparable to the average carrier kinetic energy 
and to the plasma frequency. We will show that 
screening is ineffective under these conditions and 
give a description of the build-up of screening with 
time. Also the kinetic equation, which describes 
this new quantum-kinetics, will be presented. 
Numerical simulations show that this initial 
kinetics manifest itself in a pronounced non- 
exponential decay of the optical polarization. 


5, Ultrafast Coherent and Incoherent 
Dynamics in Photoexcited Semiconductors, 
Stefan Haas and Fausto Rossi, Philipps-Universitat 
Marburg, Fachbereich Physik und Zentrum fir 
Materialwissenschaften, Renthoff 5, D-35032 
Marburg, Germany, and Tilmann Kuhn, Institut fir 
Theoretische Physik der Universitat Stuttgart, D- 
70550 Stuttgart 80,Germany. The dynamics of an 
optically excited semiconductor is usually 
described in terms of the semiconductor Bloch 
equations. Our solution of this coupled set of 
quantum kinetic equations is based on a 
decomposition of such equations in a coherent and 
an incoherent part. The former is integrated 
directly while the latter is solved by means of a 
generalized Monte Carlo simulation. The main 
peculiarity of the method is to retain the big 
advantages of the Monte Carlo method in treating 
scattering processes and, at the same time, to take 
into account on the same kinetic level also coherent 
phenomena. In addition to a simulation of the 
distribution functions for electrons and holes, this 
results in a simulation of the interband polarization 
induced by the coherent laser light field. Such an 
approach allows a self-consistent description of the 
carrier photogeneration process. The energy 
broadening due to the finite pulse duration and due 
to the decay of the interband polarization has not 
been introduced as a phenomenological paramater 
as in any conventional Monte Carlo simulation but 


it comes out self-consistently with its full time 
dependence. Furthermore, band-renormalization 
and excitonic effects are included in a self- 
consistent way. Our physical model includes both 
carrier-carrier and carrier-phonon interaction. 
Therefore, carrier thermalization due to carrier- 
carrier scattering and energy relaxation due to the 
emission of optical phonons are included on the 
same kinetic level. Our results show a transition 
from the high-density regime, where the dynamic is 
dominated by carrier-carrier interaction, to the low- 


density one, where the dynamic is dominated by 


carrier-phonon interaction. Especially in the low- 
density limit we see a strong cancellation between 
in and out scattering terms in the equation for the 
interband polarization. As an application we 
examined spectrally resolved band-acceptor 
luminescence. We obtain an excellent agreement 
between the measured and calculated spectra. 


6. Electron Transport Phenomena in Ultra- 
Short Device Geometries, Julie A. Kenrow, Dept. 
of Electrical Engineering and Computer Sciences, 
University of California, Berkeley, CA. 94720. As 
device feature sizes approach 0.1 um, it is 
becoming increasingly necessary to develop time- 
dependent, quantum mechanical electron transport 
models. These models must be capable of 
accounting for several features, including non- 
stationary transport and quantum confinement 
along and/or across a device, quasi-ballistic 
transport, the intra-collisional field effect, delayed 
scattering due to the time-energy uncertainty 
relation, and both intersubband and intrasubband 
scattering with a non-thermal-equilibrium 
distribution of phonons. A model is presented here 
that accounts for all of the above features, and 
treats a single electron and the device LO and SO 
lattice phonons as a coupled system that is time 
evolved from a particular initial condition at 0 K, 
through direct solution of the Schrédinger equation. 
The time evolution of both the electron wavepacket 
and the phonon mode populations are presented, 
primarily in quantum wire geometries, for various 
applied field strengths. The effectiveness is 
intrasubband and intersubband scattering in 
affecting electron transport is studied in a single 
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wire for an electron initially placed in a specified 
eigenstate of the GaAs/As,Ga]._xAs wire system. 
Preliminary results of resonant intersubband 
electron-SO-phonon scattering studies are 
presented both in single wires and in coupled 
asymmetric wire geometries. 


7. Electronic Transport in Ultrathin Wires 
with Near Atomic Diameters, Y. Kumzerov, 
Physico-Technical Institute Russian Academy of 
Sciences, 194021 St. Petersburg, Russia. This 
work is related with fabrication and investigation of 
some physical properties of materials in the form of 
wires (Hg, Sn, In, Cd, Bi, Pb, Ga, S, Se, Te, InSb) 
with diameters which can be successively varied 
from 2.to 15 nm. These wires are thinnest among 
the wires created and studied at this time. Such 
diameters, which are unapproachable for the 
modern lithographic technique was obtained thanks 
to nontrivial approach to this problem. There were 
used the natural dielectric matrixes obtaining the 
regular set of identical, parallel, isolated channels 
with near atomic diameters which were filled under 
high pressure by the melted liquid material. In this 
work there were ob served the successive 
appearance and development of specific physical 
properties intrinsic in one-dimensional systems and 
therefore there was investigated at first time the 
transitional region between the one-dimensional 
and three-dimensional objects. There was 
investigated the electronic transport in such 
systems (weak localization and Peierls phase 
transition). There was observed the successive 
phase transition destruction (superconductivity and 
melting) with approach to the one-dimensional 
limit. There are presented unique now for one- 
dimensional objects the superconducting critical 
temperature and melting-freezing temperature 
dependencies versus wire diameter (up to 20A). 


8. Temperature Dependence and Hot 
Electron Scattering in Heavily P-Doped GaAs: 
Hole Plasma and LO-Phonon Coupling, V. 
Narayan!, J.M. Rorison? and J.C. Inkson!, /Depr. 
of Physics, University of Exeter, Exeter EX4 4QL, 
and “Sharp Laboratories of Europe Ltd, Oxford 
Science Park, Oxford OX4 4GA. The mean free 


path of a single hot electron interacting with 
isotropic p-doped GaAs is calculated as a function 
of doping density and temperature within the Born 
approximation. The results show that there is 
significant temperature dependence for densities 
less than 1019c¢m-3. The interaction between light 
hole plasmons, heavy hole plasmons and LO- 
phonons is studied by using a finite temperature 
approximation to the full finite temperature, 
frequency and wavevector dependent random phase 
approximation (RPA) for the dielectric function. 
For GaAs, where there is a large difference in 
effective masses between the bands, we find that 
the plasmon mode associated with the light hole 
band is effectively screened out at small q by the 
higher frequency plasmon mode associated with 
the heavy hole band. The interaction between the 
holes and LO-phonons is highly dependent on the 
doping density. Z 


9. Finite Fields and Intervalley Scattering in 
a Resonant Tunnelling Quantum Wire and Dot 
Double Barrier Structure Using a Multiband 
Microscopic Layer Method, V. Narayan, G.P. 
Srivastava and J.C. Inkson, Dept. of Physics, 
University of Exeter, Stocker Road, Exeter EX4 
4QOL. We present a multiband calculation of 
resonant electron tunnelling through quantum wires 
and dots consisting of a double barrier structure. A 
layered version of the empirical pseudopotential 
method is used with the addition of hard wall 
boundary conditions to model a structured single 
layer (wires) and a structural individual wire (dots). 
Our results show clearly the importance of non- 
parabolicity and intervalley mixing in these 
reduced dimensional structures. The inclusion of 
electric fields allows for the investigation of Stark 
effects in wires and dots. 


10. Phonon-Assisted Ballistic Resistance, V.B. 
Pevzner, North Carolina State University, Raleigh, 
N. C. There is a (negative) fraction AG of the 
ballistic conductance G that is due to electron- 
phonon interactins. For the special case of a 
spatially uniform conductor, AG depends upon 
temperature, cross-sectional area, and the chemical 
potential. With increasing temperature, phonon 


and other effects eventually result in fully collision- 
controlled transport. AG is especially large at 
lower temperatures just when increasing chemical 
potential introduces one more conductance 
channel. 


11. Quantum Chaos in Antidot Superlattices, 
P. Rotter, H. Silberbauer, M. Suhrke and U. 
Rossler, Jnstitut fiir Theoretische Physik, 
Universitat Regensburg, D-93040 Regensburg, 
Germany. We have studied the statistical 
properties of the energy spectrum of an antidot 
superlattice subject to a perpendicular magnetic 
field. Numerical studies of the classical dynamics 
of this system have shown a transition from chaotic 
to regular behavior with increasing strength of the 
magnetic field. According to the predictions of 
quantum chaos this transition should be reflected in 
the statistics of the energy spectrum. Our quantum 
mechanical calculations make use of the 
magnetotranslation group, according to which the 
eigenstates are characterized by a magnetic wave 
vector. As a function of this wave vector, in the 
regime of low magnetic field, we are able to detect 
a transition between different universality classes 
(Gaussian Orthogonal Ensemble - GOE, Gaussian 
Unitary Ensemble - GUE) corresponding to 
different point group symmetries in the magnetic 
Brillouin zone. The magnetic field dependent 
transition from a Wigner to a Poisson type of 
statistics in the distribution of nearest neighbor 
spacings is shown in the upper part of the figure for 
a fixed magnetic wave vector of low symmetry. 
This is in accordance with the transition from 
chaotic to regular motion in classical dynamics. 
Longer ranged fluctuations have been analyzed for 
the same spectra by using the spectral rigidity (A3- 
statistics) and reveal the same transition as can be 
seen in the lower part of the figure. 


12. Direct Patterning of Silicon Dioxide Films 
Using Vapor Etching of Beam-Induced Carbon, 
J.M. Ryan, J. Allgair, T.K. Whidden, M.N. 
Kozicki, and D.K. Ferry, Center for Solid State 
Electronics Research, Arizona State University, 
Tempe, AZ 85287-6206. We present results of a 
direct patterning technique of SiO2 using electron 


beam deposited carbon and subsequent HF vapor 
etching. This method has the advantage over 
previous direct patterning methods (oxide charging, 
oxide damage or contamination resist and 
subsequent ion milling), in that the dose needed is 
as small as 1 uC/cm2, as much as 10° times smaller 
than needed for other methods. Additionally, 
selectivity ratios (etch rates of exposed areas : 
unexposed areas) as high as 100 have been 
achieved, as compared to oxide damage etch 


enchancement of only three to four times. The 
high selectivity of CEVE is accomplished in the — 


etch step, by utilizing the volatility difference of 
beam-deposited carbon and ambient carbon- 
containing surface contamination. This large etch 
enhance-ment is accomplished at doses of only 100 
uC/c m2 (roughly that needed to expose 
conventional electron beam resists such as 
PMMA). While the sensitivity of CEVE is an 
improvement over other direct SiO2 techniques, the 
resolution has not yet matched these other methods. 
Using this carbon enhanced vapor etching (CEVE) 
technique allows the fabrication of continuous lines 
100 pum long under 100 nm in width to be etched in 
SiO? films as thick as 150 nm. Using an STM to 
deposit contamination, etched lines under 10 nm in 
width have been demonstrated. Thus the current 
resolution of 80 —-100 nm is not the final 
resolution of SEM exposure CEVE, and work is 
currently under way to optimize the SEM exposure 
process to determine the ultimate resolution. 


13. Three-Barrier Tuned Structure as a 
Phonon Spectroscopy Device, V.I. Kozub and 
A.M. Rudin, AF. Joffe Physico-Technical Institute, 
194021 St.-Petersburg, Russia. We suggest the 
three-barrier quantum-size tunneling structure 
(TBS) for the frequency-resolved acoustic phonon 
detection and generation. We show that making 
use of acoustic-phonon-mediated interwell 
tunneling transitions in TBS do provide this 
possibility. The efficiency of the phonon-mediated 
interwell transitions is analyzed in detail for the 
case of the quantum-dot structure and for the case 
of the quantum-well one both in the absence and in 
the presence of the quantizing magnetic field. The 
relation-ships between the phonon distribution 
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function and the current through TBS (in the 
phonon detection regime) and between the current 
and the phonon creation rate (in the phonon 
generation regime) are found. It is shown that if 
the dominant mechanism for the charge transfer 
corresponds to phonon-mediated transitions, the 
TBS has rather good parameters as a phonon 
spectroscopy device. The best spectral resolution 
is achieved for a quantum-dot structure, while for a 
quantum-well structure some broadening due to 
intrawell electron motion exists. However, a strong 
quantizing magnetic field, which suppresses this 
motion, provides a substantial improvement of 
spectral resolution. In addition, this device can be 
easily made tunable by the electro-static gate, 
which changes the relative asymmetry of the wells. 


14. 3D Quantum Transport Simulations, D. 
Z.-Y. Ting, S.K. Kirby, and T.C. McGill, Thomas 
J. Watson, Sr. Laboratory of Applied Physics, 
California Institute of Technology, Pasadena, CA 
91125. Quantum transport in mesoscopic devices 
is examined with an exactly solvable real-space 
three-dimensional supercell model. The flexibility 
of our model has enabled us to include elastic 
scattering effects due to impurities, interface 
roughness, and alloy disorder in our studies of 2D 
(double barrier hetero-structures), 1D (quantum 
wires electron waveguides), and OD (quantum dots) 
mesoscopic device structures. Our studies reveal 
that structural imperfections can not only produce 
additional scattering processes in a perturbative 
sense, under the right circumstances, they can also 
substantially alter the quantized electronic states, 
leading to modified transport properties. For 
example, we have demonstrated that interfacial 
inhomogeneities in double barrier resonant 
tunneling diodes can induce lateral localization of 
wave functions; strongly attractive impurities can 
produce additional transmission resonances; 
clustering effects in alloy barriers can reduce 
barrier effectiveness and surface roughness in 
quantum dots can cause large fluctuations in 
transmission characteristics. In addition, we will 
also discuss the application of our method to arrays 
of mesoscopic devices, where transport properties 


can be influenced by coherence among closely- 
spaced device structures. 


15. A Transfer-Matrix Approach to Photon- 
Assisted Transmission Through an Oscillating 
Quantum Well, Mathias Wagner, Hitachi 
Cambridge Laboratory, Madingley Road, 
Cambridge CB3 OHE, United Kingdom. The effect 
of enhanced tunneling in the presence of an electric 
field is termed photon-assisted tunneling. 
Typically, the presence of photons means that in 
addition to the usual transmission channel at energy 
E, side channels will open up at energies E+nhw 
where n is an integer. Within the framework of the 
transfer-matrix approach, we report on analytical 
and numerical results for the transmission 
probability through a strongly driven double-barrier 
structure. Two scenarios are studied: (1) A central 
quantum well oscillating as Vj cos wt [1], which 
can be experimentally realized by using fine gates, 
and (2) an oscillating electric field applied across 
the structure, which is characteristic for IR 
radiation. In both cases we find a strong quenching 
or "coherent destruction” [2] of the transmission 
probability in all channels at particular values of 
Vi/ho. This effect is related to the temporal phase 
coherence of the wave function. 

[1] M. Wagner, to be published in Phys. Rev. B 
(June 15, 1994). 

[2] M. Holthaus, Z. Phys. B 89, 251 (1992); M. 
Holthaus and D. Hone, Phys. Rev. B 47, 6499 
(1993). 


16. Evaluation of the Mobility in a Si-SiO2 
Inversion Layer at T=0 K Using Green's 
Function Formalism!, Dragica Vasileska- 
Kafedziska, Paolo Bordone?, Terry Eldridge and 
David K. Ferry, Center for Solid State Electronics 
Research, Arizona State University, Tempe, AZ 
85287-6206, and 2Dipartimento di Fisica ed 
Instituto Nazionale di Fisica della Materia, 
Universita di Modena, Via Campi 213/A, 41100 
Modena, Italy. We study transport properties of a 
(100) Si-inversion layer at zero temperature using 
Green's function formalism!. We give the results 
for the density of states function and mobility for 
various fitting parameters and different effective 


fields. The dependence of mobility on the 
inversion charge density provides information for 
the strength of the considered dissipative 
mechanisms. The position of the subband minima 
and electron wave-functions are obtained by the 
self-consistent solution2-> of the Poisson, 
Schrédinger and Dyson equations for each value of 
the effective transverse electric field. In our model, 
we have included both, charged-impurity and 
surface-roughness scattering. Scattering associated 
with Coulomb centers is separated in contributions 
from the depletion and interface-trap charge. Since 
the charged centers near the plane of the 2D- 
electron gas contribute effectively to the total 
broadening of the electronic states for low 
inversion charge densities, this scattering 
mechanism is treated properly using the screened 
Coulomb interaction®. For the sake of simplicity, 
we assume that the electrons are scattered by 
randomly located but identical 6-function impurity 
potentials that arise from the depletion charge. 
Surface-roughness is included via the random 
potential term added to the free-electron 
Hamiltonian of the system. We have used both, 
Gaussian and exponential forms for the 
autocovariance function’ of this random potential 
term in our analytical calculations. We give the 
analytical expression for the broadening of the 
electronic states in each subband, and the 
expression for the conductivity that includes the 
correction due to the normal particle-hole ladder 
diagram. In addition, we present the numerical 
results for the mobility for fixed fitting parameters 
and various oxide fields. We finally give the 
comparison between the mobility curves for the 
two models of the surface-roughness 
autocorrelation function. The results for the 
mobility are in agreement with the experimental 
results of Kawaji obtained at 4.2K. 

[1] D. Vasileska-Kafedziska, P. Bordone, and D.K. 
Ferry, submitted for publication. 

[2] T. Ando, A.B. Fowler, and F. Stern, Reviews of 
Modern Physics 54, 437 (1982). 

[3] F. Stern, Phys. Rev. B 5, 4891 (1972). 

[4] B. Vinter, Appl. Phys. Lett. 44, 307 (1984). 

[5] S.E. Koonin and D.C. Meredith, Computational 
Physics (Addison- Wesley, NY., 1990). 


[6] B: Yu-Kuang Hu and S. Das Sarma, Phys. Rev. 
B 48, 5469 (1993). 

[7] S.M. Goodnick, D.K. Ferry, and C.W. 
Wilmsen, Phys. Rev. B 32, 8171 (1985). 


17. General Conditions for Stability in 
Bistable Electrical Devices with S- or Z-shaped 
Current Voltage Characteristics, Andreas 
Wacker and Eckehard Scholl, Institut fiir 
Theoretische Physik, Technische Universitat 
Berlin, Hardenbergstr. 36, 10623 Berlin, Germany. 
A typical feature of semiconductor heterostructure 
elements is the fact that the transport of charge is 
impeded perpendicular to the barriers. This leads 
to charge accumulation in parts of the sample, 
which determine the electric potential. As the 
electric potential distribution strongly influences 
the transport properties, a condition for self- 
consistency arises. In many cases this condition 
allows for more than one stable solution of the 
charge distribution for a given bias voltage across 
the sample. Thus, we find a bistability in the 
current-voltage characteristic. Examples are the 
Heterostructure Hot-Electron Diode, Double 
Barrier Resonant Tunneling Diodes (DBRTD), 
quantum-dot structures, and highly doped 
superlattices where even 4 stable states have been 
found both experimentally and theoretically for a 
fixed bias[1]. In this contribution we present a 
general description for the stability of the different 
branches in the current-voltage characteristic. The 
main idea is the fact that there is an intrinsic degree 
of freedom, which should be treated as an 
independent dynamical variable (e.g. the charge 
stored in a quantum well). For general circuit 
conditions the voltage across the sample represents 
an additional dynamical variable. This dynamical 
system can be easily treated with the methods of 
nonlinear dynamics. Thus, some general 
statements can be made regarding the stability and 
the dynamical behavior without any knowledge of 
the specific transport processes. From this we 
obtain quite simple conditions for the stability of 
the different branches for both S- and Z-type 
characteristics. The different types of instabilities 
leading to oscillations, switching or current- 
filament formation are discussed. We illustrate the 
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application of the general formalism by various 
semiconductor devices. For example, it has been 
demonstrated recently that the middle branch of the 
Z-shaped characteristic of the DBRTD can be 
stabilized by an appropriate technique[2]. The 
under-lying principle is much easier to under-stand 
within our general description. 

[1] J. Kastrup, H.T. Grahn, K. Ploog, F. Prengel, A. 
Wacker and E. Scholl, submitted to Appl. Phys. 
Lett. (1994). 

[2] A.D. Martin, M.L. F. Lerch, P.E. Simmonds, L. 
Eaves and M.L. Leadbeater, Proceedings of 8th 
Conf. on Hot Carriers in Semiconductors (1993). 


18. Coherent Transport Through an Array of 
Quantum Dotsf with Strong Coulomb 
Correlations, C.A. Stafford and S$. Das Sarma, 
University of Maryland, Dept. of Physics, College 
Park, MD. 20742. We investigate the linear 
response conductance through an array of GaAs 
quantum dots using an SU (N) (N =2- 6) Hubbard 
model to account for the effects of quantum 
confinement, interdot tunneling, and strong intradot 
Coulomb interactions. Interdot tunneling splits the 
resonant tunneling peaks into minibands which are 
separated by energy gaps arising due to collective 
Coulomb blockade!. We analyze the scaling with 
system size of these energy gaps and of the optical 
response of the system in order to determine the 
locus of the Mott-Hubbard metal-insulator 
transition in the one-dimensional SU (N) Hubbard 
model. We argue that the experimental 
conductance spectra of Kouwenhoven et al.2 
provide evidence for the occurrence of this "metal- 
insulator transition" in an array of quantum dots. 
In a magnetic field, certain resonant tunneling 
peaks are strongly suppressed due to a density- 
dependent quantum phase transition! which 
represents spin-polarization of the high-lying 
electrons in the array. There is also a sharp onset 
of optical absorption at this phase transition, which 
could lead to the possibility of a magneto-optical or 
electro-optical switch. 

[1] C.A. Stafford and S. Das Sarma, Phys. Rev. 
Lett. (in press). 

[2] L.P. Kouwenhoven et al., Phys. Rev. Lett. 65, 
361 (1990). 


19. Method to Explore the Random Potential 
in 2DEG by a Four-Gate Device, E.V. 
Sukhorukov and I.A. Larkin, Institute of 
Microelectronics Russian Academy of Sciences, 
142432 Chernogolovka, Moscow District, RUSSIA. 
Although the attraction of a 2DEG in a 
heterostructure is its long mean free path, which 
implies weak scattering, it has become clear that 
the random potential from the donors plays a major 
role in various phenomena such as a breakdown of 
a conductance quantization of microjunctions, 
mesoscopic conductance fluctuations, Coulomb 
blockade phenomenon in quasi one-dimensional 
channels, quantum Hall effect and so on. 
Moreover, the significance of the random potential 
is that it limits the performance of devices at low 
temperature, where impurity scattering dominates. 
It has proved difficult to model these tiny devices 
accurately because the behavior of the donors is 
uncertain, particularly the degree to which ionized 
donors are correlated in space. A direct measure of 
the potential due to the impurities would fix the 
degree of correlation and be of great benefit to 
modelling. We propose a new method to explore 
the random potential in the vicinity of a quantum 
point contact (QPC). The position and parameters 
of the saddle point of the smooth potential in the 
QPC are varied by four gates above the two- 
dimensional electron gas. Two of them form the 
QPC. The other two gates are placed in the source 
and drain areas to drive the saddle point along the 
channel. A resonant tunnelling peak appears in the 
conductance when the saddle point and a local 
minimum of the random potential coincide. The 
most pronounced peaks appear in the pinch-off 
regime when the QPC is classically closed and the 
Fermi energy of the two dimensional electron gas 
equals the binding energy in a local minimum. In 
contrast with the paper [1], in the present work any 
assumptions concerning a model of the 
heterostructure has not been considered. The only 
simplification is that we have assumed the case of 
narrow channel in four-gate device. A three- 
dimensional electrostatic problem has been solved 
for the above situation. The position and other 
parameters of the saddle point are calculated 


analytically and a practical procedure for 
determining the parameters of the bound states is 
proposed. 

[1] I.A. Larkin and E.V. Sukhorukov, Phys. Rev. B 
49, 5498 (1994). 


20. Hole Transport in GaAs, R. Scholz, Classe 
di Scienze, Scoula Normale Superiore, Piazza dei 
Cavalieri 7, 56126 Pisa, ITALY. Starting from a 
8*8-kp band structure, the scattering rates between 
hole subbands can be calculated with realistic 
wavefunctions. Pronounced differences to 
published scattering rates are found [1], partially 
due to the density of states of the nonparabolic light 
hole band and to different overlap between the 
wavefunctions. The scatter-ing rates are used in a 
model of hot displaced Maxwellians to investigate 
hole transport at moderate electric fields. The 
agreement with drift velocity measurements is 
good over the field range investigated. 
Contributions of different scattering channels to the 
mobility are analyzed and compared to other 
calculations. 

[1] M. Costato and L. Reggiani, Phys. Stat. Sol. B 
58, 471 (1973). 


21. Coherent Dynamics and Terahertz- 
Emission from Asymmetric Double Quantum 
Wells, E. Binder, T. Kuhn, and G. Mahler, Jnstitut 
fiir Theoretische Physik, Universitat Stuttgart, 
Pfaffenwaldring 57, D-70550, Germany. We 
present a theoretical investigation of the coherent 
dynamics in an AlzGaj-xAs asymmetric double 
quantum well structure optically excited by a short 
laser pulse. In such structures, states in the 
different wells can be brought into resonance by an 
applied electric field. In this case, a short laser 
pulse excites a spatially oscillating carrier wave- 
packet which yields an oscillating dipole moment 
and thus, as observed experimentally [1[, leads to 
the emission of electromagnetic radiation in the 
terahertz range. The calculations are based on the 
envelope-function formalism in effective-mass 
theory for the case of two bands, the conduction 
band and the heavy-hole band. The dynamics has 
been analyzed by a full numerical solution of the 
semiconductor Bloch equations for a multi-subband 


system. Here, the relevant variables are given by 
the distribution functions of electron and hole 
subbands, the inter-band polarizations, and the 
intraband polarizations. The oscillating dipole 
moment is obtained from the intraband 
polarizations and its second derivative gives the 
electric field strength of the emitted radiation. We 
find that the details of the emission process 
sensitively depend on the interplay between 
interband and intraband polarizations as well as on 
the corresponding dephasing rates. There-fore, the 
results demonstrate the importance of an approach 
which includes bound and unbound excitonic states 
as well as the dynamics of the intraband 
polarizations. 

[1] H.G. Roskos et al., Phys. Rev. Lett. 68, 2216 
(1992). : 


22. Linearized Quantum’ Transport 
Equations in ac-fields, Petr Kral, Institute of 
Physics, Academy of Sciences, Na Slovance 2, 
18040 Praha 8, Czech Republic. A new formalism 
is developed for evaluation of transport coefficients 
in quantum many particle systems. The method is 
built up on a systematic linearization of 
nonequilibrium Kadanoff-Baym transport 
equations in external ac-fields. Easy and 
systematic corrections can be performed in this 
simple set of transport equations, which replace 
complicated vertex equations from a Kubo formula. 
The method has been tested on an ac-conductivity 
of a quantum wire with an electron-phonon 
interaction [1]. Nonadiabatic systems, which go 
beyond the Kubo formalism [2], can be directly 
handled. 

[1] P. Kral, presented on 8th International 
Winterschool on New Developments in Solid State 
Physics, “Interaction and Scattering Phenomena in 
Nanostructures", (Mauterndorf, Austria, Feb. 14- 
18, 1994). ae 

[2] M. Wagner, Phys. Rev. B45, 11595 and 11606 
(1992). 


23. Carrier Transport in Quantum Well 
Lasers: A Comparison Between Different 
Heterostructures, A. Greiner and T. Kuhn, Institut 
fiir Theoretische Physik and Synergetik, Universitat 
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Stuttgart, Pfaffenwaldring 57, D-70550 Stuttgart, 
Germany, and H. Hillmer, S$. Hansmann, and H. 
Burkhard, Forschungszentrum der Deutschen 
Bundespost Telekom, Postfach 10 00 03, D-64267 
Darmstadt, Germany. Ina semiconductor laser an 
electrically injected carrier density yields an optical 
output. For high frequency applications an 
efficient and fast response on the injection is 
important. This depends on both electronic and 
optical properties of the semiconductor. The 
photon density reacts on the stepwise increase of 
the injéction current with a characteristic delay, the 
turn-on delay time fg, which should be as small as 
possible. This delay time depends strongly on the 
coupling between the electronic system and the 
light field, in particular the overlap between the 
carrier states and the field mode. However, from 
many experiments it has become evident that for an 
operation in the GHz regime also time-scales 
related to the electron and hole dynamics play a 
role due to the fact that these carriers have to be 
transported from the contacts to the active layer. 
To take into account these effects, the two-level 
rate equation model has been extended to a now 
widely used three-level model [1], where all 
transport effects are summarized by one effective 
transport time. Such a phenomenological 
description allows one to estimate the role of 
transport processes from a measurement, but it 1s 
not possible to make a quantitative prediction for a 
specific laser structure. To overcome ‘this 
drawback, the transport of the carriers as well as 
the coupling to the light field have to be taken into 
account self-consistently. The aim of this work is 
to investigate the influence of structural parameters 
on the switching behavior of a quantum well laser 
diode. The injection current is increased stepwise 
from a value Ijgy to Ihigh, both being above the 
threshold. Carrier transport is described by a drift 
diffusion model including the influence of Fermi- 
Dirac statistics, and Poissons equation for the 
electrostatic potential. For the photon number we 
use a rate equation. Carrier densities and photon 
number are coupled by stimulated emission taking 
place in the active quantum well region. This 
quantum well is embedded in a wave-guide layer 
made by material with an energy gap between the 


values of the cladding layers and quantum wells. 
The transition between cladding layer and wave- 
guide zone can be abrupt (separate confinement 
hetero-structure, SCH) or graded (graded index 
SCH, GRINSCH). We are particularly interested 
in the role of the grading as well as the position of 
the quantum well on the optical response. We find 
that the transient properties, e.g., amplitude and 
frequency of the relaxation oscillations, depend on 
the specific structure. Since the parameters 
describing the coupling between the carriers and 
the light field are kept constant, these changes are 
caused by carrier transport effects. In particular it 
turns out, that the response becomes faster if the 
quantum well is shifted towards the p-doped 
cladding layer, which can be understood from the 
strongly different mobilities of electrons and holes. 
Furthermore, the optical response is influenced by 
the built-in fields produced by a grading. 

[1] R. Nagarajan, T. Fukushima, M. Ishikawa, J.E. 
Bowers, R.S. Geels and L.A. Coldren, IEEE 
Photonics Tech. Lett. 4, 121-123 (1992). 


24. Acoustic Phonon Relaxation in Valence 
Band Quantum Wells, G. Edwards’, E.C. 
Valadares*, F.W. Sheard* and D.K. Ferry” 
*Center for Solid State Electronics Research, 
Arizona State University, Tempe, Arizona 85287- 
6206, #Department of Physics, University of 
Nottingham, Nottingham NG7 2RD, U.K. .The 
hole-phonon (h-p) interaction in semiconductor 
heterostructure systems plays a fundamental role in 
determining transport properties and hence also 
device applications. In a Monte Carlo simulation of 
a quantum well (QW) based device, knowledge of 
the h-p scattering rates is an essential input. In 
contrast to the conduction band (cb) case where the 
electron-phonon (e-p) interaction can be treated 
simply, the h-p interaction in a QW system is very 
complicated [1]. This is because the hole QW 
subbands and the h-p interaction require a 
multiband treatment [1]. The QW interfaces cause 
strong bulk light hole/heavy hole mixing in the 
hole subbands and this mixing also strongly affects 
the h-p interaction [1]. Describing the phonon 
system also becomes a difficult problem if 
anisotropy is included [1]. We have set up a 


general formalism, based on the 6 X 6 multiband 
Luttinger Hamiltonian and the corresponding Bur- 
Pikus deformation potential matrix, for calculating 
acoustic phonon emission rates in GaAs/AlGaAs 
valence band (vb) QWs [1]. Fermi's Golden rule iS 
employed to calculate the scattering rate [1]. The 
acoustic phonons are treated as bulk like and in 
terms of elasticity theory, with anisotropy effects 
retained rather than the usual isotropic 
approximation. This formalism extends previous 
work [1] by incorporating the spin split off band 
and warping effects. Thus narrow QWs, where the 
spin split off band becomes important, can also be 
tackled by the present method. We have examined 
the acoustic phonon inter-subband relaxation rate, 


between the lowest two subbands, from a fixed 
initial state (1h1, ky(i) = 0), to a lower energy final 


state (hhi, k)()) as a function of ky(f), for 
symmetric [001] QWs, where kj is the in-plane 
quasi-momentum (1). Th (light hole) and hh (heavy 
hole) label the dominant content of a particular 
hole QW subband state. The calculations are for 
zero temperature so it is the zero point oscillations 
of the phonon field that cause the hole relaxation 
process. The numerical results show that all three 
acoustic phonon modes are emitted in the hole 
relaxation process as compared to the 
corresponding cb situation where only longitudinal 
acoustic phonons are emitted [1]. This is a 
consequence of the s/p symmetry of the cb/vb 
bandedges and the effect this has on the form of the 
respective deformation potential interaction. The 
emission rate versus k;/(f) is a very strongly peaked 
function, peaking just before the phonon mode is 
lost and the peak rate follows the anisotropy of the 
hh1 final state subband. We explain this behaviour 
in terms of a simple model for the overlap integral 
using infinite square well box states for the lh1/hhl 
envelope functions, a phonon plane wave factor 
representing the h-p interaction operator and the 
application of the energy/momentum conservation 
laws for the relaxation process. We demonstrate, 
that the region of the phonon bandstructrure where 
the emission rate peaks, is the region where phonon 
anisotropy effects are the strongest. This suggests 
that phonon anisotropy effects could contribute 
significantly to the values of h-p emission rates [1]. 


(1] K. Greipel and U. Réssler, Semicond. Sci. 
Technol., 5, 487, (1992) 


25. Dynamics of Resonant Tunneling 
Domains in Superlattices: A Discrete Drift 
Model, O.M. Bulashenko, L.L. Bonilla, J. Galan, 
J.A. Cuesta, F.C. Martinez, and J.M. Molera, 
Escuela Politécnica Superior, Universidad Carlos 
Ill de Madrid, Butarque 15, 28911 Leganés, 
Spain. Transport of photoexcited carriers under an 
applied electric field perpendicular to the layers of 
an undoped GaAs/AIAs superlattice is described 
self-consistently. At high excitation laser power, 
the electric field throughout the superlattice 
becomes nonuniform by breaking up into domains 
with different field strength [1]. Domain formation 
results in time-periodic damped oscillations of the 
photocurrent (PC) and the photoluminescence (PL) 
spectrum experimentally observed by S.H. Kwok et 
al (S.H. Kwok, R. Merlin. H.T. Grahn, K. Ploog, 
L.L. Bonilla, J. Galan, J.A. Cuesta, F.C. Martinez 
and J.M. Molera, preprint (1994)]. The static I-V 
curves present then a characteristic oscillatory 
behavior with the voltage period given 
approximately by the inter-subband separation [2]. 
To explain these phenomena we present a discrete 
drift model whose main ingredients are negative 
differential resistance due to sequential resonant 
tunneling (SRT) and the assumption that the state 
of the superlattice is defined by averages of the 
electric field and the carrier densities (electron 
density in the three subbands involved in the SRT 
and density of holes) over each well. The model 
explains: (i) the static I-V characteristic through the 
formation of a domain wall connecting high and 
low field regions, and (ii) the PC and PL 
oscillations after the domain wall is formed. In our 
model, they arise from the combined motion of the 
wall and the shift of the values of the electric field 
at the domains. The model predicts quantitatively: 
(i) the threshold for the photogeneration rate 
(proportional to the laser power) above which the 
uniform field distribution breaks into domains. 
Below this rate the nonuniform field distribution 
with domains is metastable and it eventually 
relaxes to the uniform field distribution (after the 
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PC oscillations have stopped); (11) characteristic 
width of the domain wall and its time dependence. 
[1] H.T. Grahn et al., Phys. Rev. B 41, 2890 
(1990). 

[2] L. Esaki and L.L. Chang, Phys. Rev. Lett. 33, 
495 (1974). 


26. The Dislocation Mechanism of 
Photoinduced Charge Carrier Transport in 
Semiconductor Multi-structure Nanocrystal, 
OI. Shevaleevskii and M.A. Kojuschner, N.N. 
Semanov Institute of Chemical Physics, RAS, 
Kosigin st. 4, 117977 Moscow, Russia. The 
multistructure manocrystals of some 
semiconductors with so-called core-shell structure 
give unexpectedly high photosensitive response of 
the outer crystalline structure of the particle. The 
particles under consideration of about 100 nm in 
diameter have crystal semiconductor core that is 
covered by a shell crystal layer with different 
crystalline structure of about 10-20 lattice 
parameters thick. It was shown that the 
discrepancy between core and Shell lattice 
parameters give rise to dislocation structure 
formation in the outer layer of the small particle. 
According to this we assumed the modification of 
transport characteristics in nanoscale outer layer of 
the particle and made the appropriate estimations. 
As a result we present here the dislocation model of 
photoinduced charge carrier transport for core-shell 
nanoscale particle. It was shown that dislocations 
play dominant role in all the steps of photoinduced 
charge carrier transport. The kinetic properties of 
the electron transfer in the vicinity of dislocation 
and the estimated values of electron mean free pass 
show the probability of the electron to be captured 
by the dislocation is high enough and so the main 
transport parameters of the outer layer should be 
described as dislocation one. The lifetime of the 
electron captured by dislocation and its following 
hopping conduction via dislocation states make this 
mechanism most efficient to be compared with the 
bulk one. We also spread our estimations to the 
systems with mixed electron and ion conductivity. 
We considered multistructure AgHal particles 
where the discrepancy of lattice parameters was 
about 3%. It was shown that the light induced 


conductivity of Ag ions would be some orders of 
magnitude higher when coming along dislocation 
tube. The whole mechanism involving 
photostimulated process of ion and electron 
propagation in these particles give rise to Ag 
cluster formation on the surface of the particle 
(Mott and Harney). We showed that in 
multistructure AgHal particles this process comes 
with the help of dislocation structure and the 
resulted Ag cluster is forming in the vicinity of 
surface defect that accomplish the surface end of 
the dislocation. The whole situation allows us to 
speak about dislocation mechanism of latter image 
formation in mulustructure AgHal particles. 


27. Nonequilibrium Phenomena in Split Gate 
Quantum Waveguides, A. Ecker and S.M. 
Goodnick, Dept. of Electrical and Computer Engr., 
Oregon State University, Corvallis, OR 97331, and 
C. Berven and MN. Wybourne, Physics Dept., 
Univ. of Oregon, Eugene, OR 97403. While near 
equilibrium transport through quantum point 
contacts and split gate quantum waveguides: has 
been well studied, relatively little work has been 
concerned with far from equilibrium transport 
under large source-drain bias in these structures. 
We have previously reported current bistability in 
quantum dots formed by double constrictions in 
GaAs/AlGaAs electro-static confinement 
structures.! Here we report a detailed theoretical 
and experimental study of nonequilibrium transport 
through a single constriction as a function of bias 
across the structure (source-drain bias) for various 
gate bias (barrier height) conditions. For low 
source-drain bias at 1.5 K, the experimental 
nonlinear multi-mode conductance is found to be in 
agreement with the predictions of mode-matching 
theory and simple adiabatic transport based on the 
generalized Landauer-Biittiker formula. In samples 
which are illuminated with bandgap radiation in 
situ, a marked rise in current is evident for all gate 
biases for source-drain voltages greater than some 
critical value (usually on the order of 10-20 mV). 
For large gate biases such that the initial current is 
small, the transition from low conductance to high 
conductance is marked by 4 significant S-type 
negative differential conductance regime. Some 


samples are observed to exhibit several such 
negative conductance regimes for different 
combinations of source-drain bias and gate bias. 
We have generalized the Landauer-Biittiker 
formula to include Zener breakdown due to inter- 
mode tunneling, but the calculated effect is too 
small to account for the apparent breakdown 
phenomena in the experimental data. The mode- 
matching model is combined with three 
dimensional semiclassical simulation to study the 
realistic potential due to electro-static confinement 
in the 2DEG. The inclusion of random impurities 
in the 1D channel is further studied as a source of 
intermode tunneling under applied bias in order to 
explain the departure. from ideal behavior. 
However, agreement may be obtained by 
considering hot carrier heating of electrons injected 
over the barrier, and the resultant instability in the 
thermionic emission current through the 
constriction as was shown for the double 
constriction case.” 

{1] J.C. Wu, M.N. Wybourne, C. Berven, S.M. 
Goodnick and D.D. Smith, Appl. Phys. Lett. 61, 
2425 (1992). 

[2] S.M. Goodnick, J.C. Wu, M.N. Wybourne and 
Doran D. Smith, Phys. Rev. B 48, 9150 (1993). 
Supported by grants from the National Science 
Foundation No. ECS 9216768 amd ONR. 


28. Model and Transport in Three-Layered 
Heterostructure with Thin Quantum Well in the 
Schottky Layer, E.V. Buzaneva, V.V. 
Levandovskiy, Radiophysical Faculty of Kiev 
University, Viadimirskaya 64, 254017 Kiev-17, 
Ukraine. In recent years multilayered structures 
containing low-dimensional regions have received 
considerable attention due to the possibility of 
creation of devices with new properties. The 
system considered in our report is three-layered. It 
consistsf of one layer of narrow gap semiconductor 
(GaAs) of thickness 3-10 nm grown on AIAs 
support and followed by 10-50 nm of AlAs MBE 
layer covered by metallic contact creating Schottky 
barrier. Two-dimensional region appears in narrow 
gap layer of small thickness. In this paper we 
present the results of computer simulation. Exact 
solution of Schrédinger equation, specific 


capacitance and I-V characteristics re obtained and 
analyzed. Unlike well investigated DH HEMT-like 
systems, holes and electrons are not spatially 
separated, that allows light absorption and makes 
such structure attractive for application in fast 
electro-optical modulators. - 


29. Conductance Jumps in STM at Room 
Temperature in Air, V.V. Dremov, S. Yu. 
Shapoval, and E.V. Sukhorukov, Institute of 
Microelectronics, Russian Academy of Sciences, 
142432 Chernogolovka, Moscow District, RUSSIA. 
Currently there is a great deal of interest in the 
application of a scanning probe microscopy 
technique (SPM) for the investigation, testing and 
formation of nanoelectronics elements. For these 
purposes it is necessary to pay attention to the 
properties of nanoscale contacts formed by an 
interaction between SPM probes and the sample. 
Earlier the properties of point contacts! and 
junction "probe-sample"2»> were studied. 
However, there are still several questions in 
understanding the problem, the main of which is 
the nature of conductance of such small size 
contacts. Moreover, the possibility of conductance 
quantization in monoatomic contacts similar to that 
in microjunctions based on 2DEG* has been 
discussed in the latest works. Using STM2:3 and 
the mechanically controlled break junctions!, the 
conductance jumping in the units of 2e2/h vs. the 
distance between two electrodes has been 
demonstrated. There are several ways to explain 
this phenomenon. Nevertheless, the main problem 
remains to understand why the conductance step 
value is equal to 2e2/h with high accuracy for 
junctions based on different metals. It is necessary 
to note that as a rule such kind of experiments are 
carried out at helium temperature. However, the 
simplest evaluation allows us to conclude that 
mechanical and electron transport properties of 
monoatomic contacts slightly depend on 
temperature up to room temperature. In our report 
we present the experimental results which 
demonstrate the conductance quantization in the 
micro-junction between tungsten tip and gold film 
surface at room temperature in air. For up 
preparation we used technique described in 5. This 
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is based on a combination of electrochemical ac/dc 
methods for tungsten etching and ECR-plasma 
treatment to make tip clean and to avoid following 
contamination. A gold film thermally evaporated 
on Si with a thickness of about 100 nm was used as 
the sample. All experiments were carried out with 
special constructed STM, that has a small drift 
(about 0.1 nm during 10 min.) and the resolution at 
least 0.01 nm along z direction. The aim of our 
experi-ments was to measure the current through 
the contact as a function of displacement of the 
specimen with broken STM feedback. To increase 
signal to noise ratio the current was measured 128 
times at every point, then the average value was 
recorded. The current vs. displacement 
dependence has stairstep character. The value of 
step corresponds to conductance jump of 2e2 th. 
Analysis of our results leads to the conclusion that 
the main reason of such conductance behavior is 
the atom jumping between the tip and sample 
surface under van der Waals interaction. In the 
other side the equality of conduc-tance steps to 
2e2/h indicates the wave-guide behavior of 
electron movement through the microjunction, 
similar to that in 2DEG. 

[1] J.M. Krans, C.J. Muller, and I.K. Yanson, Phys. 
Rev. B 48, 14721 (1993). 

[2] N. Agrait, O.G. Rodrigo, and S. Vieira, Phys. 
Rev. B 47, 12345 (1993). 

[3] J.1. ‘Pascual, J. Mendez, and J. Gomez-Herrero, 
Phys. Rev. Lett. 71, 1852 (1993). 

[4] B.J. van Wees, H. van Houten, C.W.]J. 
Beenakker, and J.G. Willamson, Phys. Rev. Lett. 
60, 848 (1988); D.A. Waram, T.J. Thornton, R. 
Newbury, and M. Pepper, J. Phys. C 21, L209 
(1988). 

[5] V.V. Dremov, V.A. Makarenko, and S. Yu. 
Shapoval, Nanobiology (UK), to be published. 


30. Quantum Transport within the 
Launcher-Receptor Electron Device, Emmanuel 
A. Anagnostakis, Postgraduate Faculty of 
Electronics and Telecommunications of the 
Hellenic Army, 22 Kalamakiou Avenue, GR 174 55 
Alimos, Athens, Greece. in the present work a 
design is proposed of a vertical transport device 
relying upon resonant quantum mechanical electron 


tunneling from a charge launcher element (CLE) 
into a charge receptor pocket (CRP) within an 
illuminated semiconductor heterostructure, termed 
the launcher-receptor electron device (LRD). The 
function of the illumination, achieved through 
successive exposures of the LRD to regulated 
photon doses, is to eventually populate the CLE 
excited sub-level with electrons which, favored by 
an intended energy matching, subsequently find 
themselves inhabiting the CRP fundamental sub- 
level by virtue of resonant quantum tunneling. The 
CLE is visualized to be a narrow -spike of high 
sheet density Si donors embedded within an 
AlGaAs layer of relatively low background Si 
doping at a location well below its surface but near 
its contact to a non-intentionally doped, semi- 
insulating GaAs substrate, hosting an 
approximately triangular quantum well, as the CRP 
of the LRD configuration. The plausibility of the 
proposed design is supported by a realistic 
simulation of such a LRD heterostructure. 


31. Large Plasmon-Mediated Coulomb 
Frictional Drag in Coupled Quantum Wells, Ben 
Yu-Kuang Hu and Karsten Flensberg, 
Mikroelektronik Centret, Denmark Technical 
University, DK-2800 Lyngby, Denmark. When two 
doped quantum wells are placed in close proximity 
and current is driven through one of them, the 
inter-well electron interactions elicit a frictional 
drag current in the other layer. The frictional 
Coulomb drag rate (Fermi temperature) 
experimentally goes as , which agrees with 
calculations using static screening models [3]. 
However, static screening models ignore the effect 
of the collective charge density oscillations 
(plasmons) on. We find that by incorporating 
dynamical screening into the calculation, for the 
plasmons within the coupled well system 
significantly enhance the inter-well Coulomb 
interactions, leading to an enhancement in over the 
static screening results of almost an order of 
magnitude at (for parameters corresponding to the 
experiment in Ref. [1]). Experimental signatures of 
this plasmon enhancement in are discussed. 

[1] T.J. Gramila, et al., Phys. Rev. Lett. 66, 1216 
(1991). 


[2] U. Sivan, et al., Phys. Rev. Lett. 68, 1196 
(1992). 

[3] A:P. Jauho and H. Smith, Phys. Rev. B 47, 
4420 (1993). 


32. Small Signal Differential Mobility of 
Planar Superlattice Miniband Transport and 
Negative Differential Conductance, X.L. Leil.2, 
N.J.M. Horing2, H.L. Cui2, and K.K. Thornber, 
I State Key Laboratory of Functional Materials for 
Informatics, Shanghai Institute of Metallurgy, 
Chinese Academy of Sciences, 865 Chang Ning 
Road, Shanghai, 200050, China; 2Department of 
Physics jand Engineering Physics, Stevens Institute 
of Technology, Hoboken, New Jersey, 07030; 
3NEC Research Institute, 4 Independence Way, 
Princeton, New Jersey, 08540. We have examined 
the frequency dependence of carrier drift velocity 
in a laterally unconfined planar superlattice 
experiencing miniband conduction in response to a 
small-signal a.c. electric field superposed on a d.c. 
bias. Anomalous results quite unexpected from the 
traditional. Drude formula are found in the 
frequency dependent differential mobility at finite 
d.c. bias. The real part of the differential mobility 
as a function of frequency exhibits a broad hump 
before finally approaching zero at high frequency, 
and the imaginary part experiences a marked dip to 
negative values before going through the usual 
maximum. These effects are due to an increasing 
rate of momentum relaxation and a decreasing rate 
of energy relaxation as the bias field is increased, 
and occur for bias fields which result in positive as 
well as nega-tive differential mobilities at low 
frequency. Complex as the various scattering 
mechanisms are, the frequency dependences can be 
closely fit with a dual-relaxation time model 
representing the low-frequency mobility, 
momentum and energy scattering rates, and the 
inertial response. Numerical calculations show that 
the negative-differential mobility persists up to a 
mobility-transition frequency of order 100 GHz 
(substantially below the Bloch frequency, which is 
usually in the THz regime), above which the 
differential mobility becomes positive. 


33. A First Step for Semiconductor Quantum 
Device Modeling with Incoherent Scattering, 
Roger Lake, Corporate R&D, Texas Instruments, 
Inc., Dallas, TX 75265. Despite intense 
experimental investigation of semiconductor 
quantum devicesf over the last decade[1], there has 
been comparatively little progress in high-bias 
quantum device modeling and few reports of 
quantum device simulators which include, in some 
approximation, the effects of incoherent scattering 
from the random potentials of either phonons, 
impurities, interface roughness, alloy disorder, or 
other electrons. The methods, Wigner function 
(2,3,4], non-equilibrium Green's function [5,6], 
single-electron scattering theory [7,8], and single- 
electron Schrédinger equation [9], that have been 
applied to the problem, are varied. The points of 
view of the different methods can be roughly 
divided into two categories: non-equilibrium, 
quantum, statistical physics and single-electron 
scattering theory. Until recently, there was little 
consensus on the fundamental approach to the 
problem. The system to be modeled is a small 
quantum system containing many electrons 
interacting with many phonons, impurities, other 
electrons, etc. The system is connected to 
reservoirs of different electrochemical potentials. 
Such a system is a non-equilibrium, quantum 
statistical system and modeling the system is a 
problem of non-equilibrium quantum statistical 
mechanics. I do not imply that the single-electron 
scattering picture is wrong. It is adequate for many 
applications. | Non-equilibrium statistical 
mechanics is the fundamental starting point from 
which we can evaluate the approximations implicit 
in other approaches. The first two paragraphs 
written by Langreth in this series in 1976 are still 
relevant today [10]. I believe that the time is ripe 
for the application of the non-equilibrium 
perturbation theoretic method, i.e. the non- 
equilibrium Green's function theory, to 
semiconductor quantum device modeling. There 
have been only two modest efforts at writing 
general purpose semiconductor device simulators 
based on the non-equilibrium Green's function 


‘approach [5,6]. Both works included only 


simplified models of the electron-phonon 
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interaction, but treatedf the interaction in the self- 
consistent Born approximation. Below, I describe 
an approach that includes realistic models of the 
various interactions but only in the first Born 
approximation. The approach is numerically 
tractable, easy to implement, and provides a 
reasonable treatment of scattering for one of the 
more popular quantum devices, the resonant 
tunneling diode. Furthermore, it is the first 
iteration of a self-consistent Born calculation, so it 
provides a foundation for a self-consistent 
treatment of the interactions. Since the approach is 
non-iterative (except for a calculation of. the 
Hartree potential) and relies only on knowledge of 
the bare Green function, I believe that the approach 
can be used to incorporate scattering into more 
sophisticated, and therefore more numerically 
intensive, treatments of band structure. 

[1] My focus is on quantum devices that can be 
operated at room temperature under high bias such 
as resonant tunnel-ing diodes (Resonant Tunneling 
in Semi-conductors: Physics and Applications, 
edited by L.L. Chang, E.E. Mendez, and C. 
Tejedor, Plenum, New York, (1991) and hot- 
electron transistors (S. Luryi in Heterojunction 
Band Discontinuities Physics and Device 
Applications, edited by F. Capasso and G. 
Margaritonodo, p. 489, North-Holland, New York, 
(1987). 

[2] U. Ravaioli, M.A. Osman, W. Poetz, N. 
Kluksdahl, and D.K. Ferry, Physica, 134B, 36, 
(1985). , 

[3] N.C. Kluksdahl, A.M. Kriman, D.K. Ferry, and 
C. Ringhofer, Phys.Rev. B, 39, 7720, (1989). 

[4] W.R. Frensley, Rev. Mod. Phys., 62, 745 
(1990) and references therein. 

[5] E.V. Anda and F. Flores, J. Phys.: Condens. 
Matt., 3, 9087 (1991). 

[6] R. Lake and S. Datta, Phys. Rev. B, 45, 6 670 
(1992). 

[7] N.S. Wingreen, K.W. Jacobsen, and J.W. 
Wilkins, Phys. Rev. Lett., 61, 1396 (1988); Phys. 
Rev. B. 40, 11834 (1989). 

[8] N. Zou and K.A. Chao, Phys. Rev. Lett., 69, 
3224 (1992). 

[9] P. Roblin and W. Liou, Phys. Rev. B, 40, 2146 
(1993). 


[10] D.C. Langreth in 1975 NATO Advanced 
Study Institute on Linear and Nonlinear Electron 
Transport in Solids, p. 3, (Plenum Press, New 
York, 1976). 


34. Theory of Delta-Wires, A. Shik, Joffe 
Physical-Technical Institute, 194021 St.- 
Petersburg, Russia. High-quality vicinal surfaces 
of semiconductors are known to contain periodic 
system of monolayer steps. If we grow a sub- 
monolayer of doping impurity on this surface, 
impurity atoms will stick mainly to these steps and 
at first growth stages will form separate linear 
chains. If the linear density of impurities in such 
chain N exceeds the inverse effective Bohr radius , 
impurities are ionized and carriers can move along 
the chain. In other directions their motion is 
restricted by the attractive impurity potential and 
energy spectrum is quantized. So, the structure 
considered is a new type of quasi-one-dimensional 
electron systems. By analogy with -layers, we call 
these structures -wires. To calculate the main 
properties of delta-wires, we consider impurity 
charge as a homogeneously charged line. To 
calculate the resulting self-consistent potential (p is 
the distance from the wire axis) and energy levels 
in this potential Ex yy, we must solve self- 
consistently the system of Poisson and Schrédinger 
equatins. The system contains only one 
dimensionless parameter vNag and such 
characteristics as the number of discrete energy 
levels, their particular values Ey, populations of 
corresponding one-dimensional subbands nny, 
etc. in dimensionless units are presented as 
universal functions of v, by analogy with the -layer 
theory [1]. Kinetic properties of -wires have been 
also calculated. At not very high temperatures 
electron mobility is governed by scattering at the 
same linear impurity chain which forms the wire 
itself. For a typical situation of more than one 
occupated subbands, both intra- and inter-subband 
scattering is to be taken into account. Since the 
impurity concentration in the absence of compen- 
sation is equal to the electron concentration and the 
scattering is due to Coulomb forces, it is 
determined by the same parameter v. As a result, 
the partial mobilities in subbands and the wire 
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conductance are real so presented as universal 
functions of v. 

[1} O.A. Mezrin and A. Shik, Superlatt. & 
Microstr. 10, 107 (1991). 


35. Electron Heating in GaAs due to 
Electron-Electron Interactions, B. Brill and M. 
Heiblum, Braun Center for Sub Micron Research, 
Dept. of Condensed Matter Physics, The Weizmann 
Institute of Science, Rehovot 76100, Israel. The 
interactions of hot electrons in semiconductor 
layers were usually studied assuming the scattering 
mechanisms to affect only the injected hot electron 
distribution, leaving the cold electrons and the 
lattice in thermal equilibrium. However, if the 
energy transfer from hot to cold electrons is 
sufficiently large, the cold electron distribution can 
be expected to be significantly modified. We have 
studied the interactions of injected hot electrons, 
passing briefly through a thin doped GaAs layer, 
with cold electrons confined in the layer. This 
situation allows us to discuss separately the cold 
and hot electron distributions, and our device 
allows us to probe both. The study was carried out 
using a Tunneling Hot Electron Transfer Amplifier 
(THETA), with a heavily doped base, confined 
between two barriers, serving as the transport layer. 
In this device, hot electrons are injected by 
tunneling through a thin AlGaAs barrier (emitter 
barrier) into the base and are collected over a 
second AlGaAs barrier (collector barrier). To 
surmount the collector barrier the collected 
electrons must have a normal energy higher than 
the barrier height, . In order to probe the heated 
cold electron distribution the collector barrier is 
made very low. The differential transfer ratio, 
where is the injected current and is the collected 
current, measures the probability for electrons, 
injected within a narrow energy range into the base, 
to be collected over the collector barrier. 
Surprisingly, at high injection energies we measure 
values much above unity, i.e., the output current is 
larger than the injected current, indicating that a 
current amplification process is taking place in the 
layer. Two possible pictures were considered as 
possible explanations: one assuming single particle 
energy and momentum transfer from hot to cold 


electrons; and the other assuming that thermal 
equilibrium is reached among the heated cold 
electrons, with an elevated electron temperature, 
higher than the lattice temperature, leading to 
thermionic emission over the low collector barrier. 
We discriminate between the two pictures by 
noting that in the single particle picture the heating 
effect depends on the injected electron energy only 
whereas in the equilibrium picture the injected 
power, depending on both the injection energy and 
current, is the important parameter. Comparing 
devices which differ by only the emitter barrier 
thickness, allowing thus measure-ments with the 
same injection energy but different currents, we 
found that the heating effect clearly depends on the 
injected power rather than the injection energy 
alone. We thus conclude that the equilibrium 
picture is more relevant to the experimental 
situation. Two complementary methods were used 
to measure the electron temperature in the base. 
One method utilizes the fact that thermionic 
emission over the low collector barrier results in a 
partial shunting of the base to the collector, thus 
reducing the (ac) base resistance. The other 
method utilizes the effect of weak localization on 
the magnetoresistance, which is a sensitive function 
of temperature. The two methods were calibrated 
by heating the lattice without hot electron injection 
and then used when the lattice was kept at 1.4K 
and hot electrons were injected. We found the 
temperature to be 10 - 20 K. monotonically 
dependent on the injected power. At the lower 
injection energies the two measurements agreed 
well, however at higher injection energies the base 
resistance measurement showed a_ higher 
temperature, reflecting the existence of temperature 
gradients along the base layer. The measured 
temperatures are consistent with the existence of a 
significant thermionic current, leading to . 
Adopting the equilibrium picture and using the 
relaxation time approximation we express the 
condition for steady state in the base as an energy 
balance equation. Using the measured 
temperatures and adopting the cooling rate due to 
acoustical phonons from the literature the energy 
relaxation time for the hot injected electrons can be 
extracted. The relaxation time found for electrons 
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injected at an energy of 130 meV above the Fermi 
see of a doped layer with n=2 1018¢m-3 was found 
to be 250+100 fs. which is two times smaller than 
published theoretical times calculated for similar 
conditions. 


36. Quantum Hydrodynamics: Derivation 
and Classical Limit, I. Gasser and P.A. 
Markowich, Fachbereich Mathematik, TU-Berlin, 
StraBe. des 17, Juni 136, W-10623, Berlin, 
Germany. Recently many simulations of quantum 
effects in semi-conductor devices using the 
quantum hydrodynamic model (QHD) were 
presented [1]. The simulations showed that the 
QHD is a promising possibility to model 
ultraintegrated devices. The QHD can be obtained 
from the classical hydrodynamic model by adding 
quantum correction terms of order ie (h denotes 
the scaled planck constant). We are interested both 
in a rigorous justification of the model and the 
classical limit 7-0, e.g. if and in which sense the 
solutions of the classical hydrodynamic model 
approximate the solutions of the QHD for small 
values of A. Introducing the wave function, the 
particle density, the particle current density, it can 
be seen easily that the nonlinear Schrédinger 
equation is (formally) equivalent to the QHD 
equations. Obviously, it is not possible to obtain an 
energy (or temperature) equation from a single 
Schrédinger equation. In the case of constant 
pressure we are able to perform the classical limit 
rigorously, passing from the Schrédinger equation 
(wave function approach) to the Wigner equation, 
which is the quantum equivalent to the classical 
Vlasov equation. Euler type equations are not equal 
to the formal limit of the above QHD equations 
with constant pressure. 

[1] C.L. Gardner, Resonant Tunneling in the 
Quantum Hydrodynamic Model, VLSI Design, to 
appear 1994. 

[2] I. Gasser and P.A. Markowich, Quantum 
Hydrodynamics, Wigner Transforms and the 
Classical Limit, submitted 1994. 


